In catheter-using units as pediatric intensive care, it is important to know the complications that may occur during the insertion and use of central venous catheterization (CVC), and to take appropriate measures in order to reduce the mortality and morbidity of critical patients. The aim of this study was to evaluate CVC and catheter related complications in our tertiary pediatric intensive care unit. For this prospective study, 155 central venous catheters and/or hemodialysis catheters used with 106 patients, between August 2014 and August 2015 were evaluated. Demographic information about patients, catheter insertion procedure and catheter related complications were recorded. Sixty-two (58.5%) male and forty-four (41.5%) female patients were evaluated in this study. The median age was 67.5 months (1-212). The mean dwell time of catheters was 10.54±8 days. Twenty-two (14.2%) catheters were removed from patients because of catheter related complications. The mean dwell time of complicated catheters was 10.6±8.5 days and there was no statistically significant difference between complicated and non-complicated catheters. Catheter related blood stream infections was diagnosed in 5.1% (8/155) patients and these catheters were removed from patients. Including these patients, positive blood culture was found to be at 14.2% (22/155). The mean dwell time of catheters with positive blood culture was 14.25±7.3 days. The mean dwell time of catheters with positive blood culture was statistically significantly longer than catheters with negative blood culture. In the 3 patients who developed catheter thrombosis, 2 patients were followed up because of infection/sepsis and 1 patient had a neurological disease. Catheter thrombosis developed in 1 femoral vein and 2 internal jugular veins. The development of central venous catheter complications depends on many different factors and it is possible to reduce the complications with precautions taken during replacement and daily use.
Central venous catheter (CVC) is an invasive instrument used for long term drug and fluid treatment, administration of blood and blood products, infusing of vascular irritating drugs or antibiotics, extracorporeal treatments as plasmapheresis and hemodialysis in critical patients at pediatric intensive care units. [1] [2] [3] [4] In catheter-using units as pediatric intensive care, it is important to know the complications that may occur during the insertion and use of CVC, and to take appropriate measures in order to reduce the mortality and morbidity of critical patients. With the widespread use of CVCs in pediatric intensive care units, catheter related complications are increasing. Various factors influence the development of complications. Complications due to CVC are divided into two groups as early and late complications. Early complications include arterial puncture, cardiac arrhythmia, hemorrhage, adjacent nerve damage, catheter malposition, air embolism, catheter breakage and pneumothorax can occur during catheter insertion while late complications are catheter infection, dysfunction and thrombosis. 5 Handwashing and barrier precautions reduce the rate of catheter related blood stream infection (CRBSI). 6, 7 As the experience of the physician who inserts the catheter increases, the complication rate decreases. 8, 9 As the number of punctures increases, the complication rate increases. 10 Using ultrasound during catheter insertion reduces the risk of mechanical complications and the number of punctures. 11, 12 In this study, we planned to evaluate the complications and associated factors related to CVC applied to patients in our intensive care unit.
Material and Methods
Between August 2014 and August 2015, 155 catheters applied to 106 critical patients who were admitted to our tertiary care intensive care unit were prospectively evaluated. Patient information as age, gender, diagnosis of admission to intensive care unit and mortality rate were recorded. In addition, anatomic side, person who placed the catheter (as pediatrician, pediatric intensive care fellow, associate professor or professor), barrier precautions, disinfection method, fluids applied from catheter, catheter dwell time and the reason for the removal of the catheter were recorded. The complication type, duration of complication, and whether the catheter was removed was also recorded.
All catheters were inserted in our pediatric intensive care unit by a pediatrician, pediatric intensive care fellow, associate professor or professor. The procedure was carried out using the Seldinger technique and selected regions according to the patient and practitioner. Central venous catheter indications were; 1-multiple and continuous administration of drugs, such as antibiotics, inotropes and fluids 2-hemodiafiltration. Complications related to the central venous catheter were divided into 4 groups as catheter dysfunction, bleeding and thrombotic complications, infection and others.
Non-infectious complications such as swelling, obstruction and malrotation were accepted as catheter dysfunction. Failure of fluid infusion from catheter or failure to allow rate of blood entry/exit flow for hemodialysis has been considered as obstruction.
Bleeding, vascular injury, thrombosis or hemothorax were accepted as bleeding and thrombotic complications. Thrombosis has been accepted as ultrasonographic observation of the thrombus in deeply located venules or absence of intraluminal blood flow by ultrasonography.
In a patient with intravenous catheter, the presence of bacteremia/ fungemia diagnosed with at least one peripheral blood culture positivity and accompanying clinical infection findings (fever, chills, and/or hypotension) and absence of any other source of infection other than catheter has been accepted as CRBSI (Table I) . 13, 14 Nerve injury, arrhythmia, pneumothorax and cardiac tamponade were other problems
Statistical Analysis
Statistical analysis was performed using SPSS16.0. Categorical variables were provided as numbers and percentages, numerical variables were given as mean + standard deviation or median (minimum-maximum), followed by comparative analysis with chi-square test. Continuous data were analyzed with the MannWhitney U or Kruskall-Wallis when the data were not normally distributed and analyzed with One-way ANOVA when the data were not normally distributed. p<0.05 was considered
• The same organism recovered from percutaneous blood culture and from quantitative (>15 colonyforming units) culture of the catheter tip;
• The same organism recovered from a percutaneous and a catheter lumen blood culture, with growth detected 2 hours sooner (i.e., 2 hours less incubation) in the latter;
• The same organism recovered from a quantitative percutaneous and a catheter lumen blood culture, with 3-fold greater colony count in the latter In three patients who developed catheter thrombosis, 2 patients were followed because of infection/sepsis and 1 patient had neurological disease. Catheter thrombosis developed in 1 femoral vein and 2 internal jugular veins. There was no statistically significant difference between catheter thrombosis development and age, gender, or diagnosis of admission to intensive care unit.
In our study, there was a patient (4.3%) who developed pneumothorax due to subclavian catheter insertion. This patient did not need chest tube placement and was discharged after the treatment was completed. No patient developed nerve injury, arrhythmia or cardiac tamponade due to central venous catheter insertion.
Discussion
Central venous catheters are the most commonly used interventional treatment instruments in intensive care units. In pediatric intensive care units, the most common nontunneled CVCs are used, and catheter is placed to subclavian vein, internal jugular vein or femoral vein. 15, 16 According to the literature, CVC usage rates range from 32 to 80%. 17 Central venous catheters that provide convenience in the treatment and followup of critically ill patients may lead to an increase in the mortality and morbidity of patients due to their complications. Jain et al. 18 reported that, catheter-related complications rate was 19% including 7% infectious and 12% non-infectious complications (obstruction, malrotation swelling). Kim et al. 19 reported rates of 12.8% infections and 18.3% of noninfectious complications. Ramadan et al. 20 reported a rate of non-infectious complication of 11.4%. In our study, the complication rate was 14.8%, with 5.1% infection and 9.7% non-infectious causes. Our complication rates were found to be lower than the literature.
The mean dwell time is the most important factor of catheter prognosis. In Çıtak et al.'s 21 study, the mean dwell time of catheters was found as 13.03±6.2 days. İşgüder et al. 1 reported that the mean dwell time of catheters was 11.5 (1-83) days. Anıl et al. 22 reported that the mean dwell time of catheters was 10.2±7.5 (8-33) days. In our study, the mean dwell time of catheters was 10.54±8 (1-48) days, which is consistent with the literature. The mean dwell time of complicated catheters was 10.6±8.5 days and there was no statistically significant difference between complicated and non-complicated catheters.
While the risk of mechanical complications is low in femoral catheters, the risk of infection is the same as in non-femoral regions. [22] [23] [24] [25] In our study, femoral catheters had mechanical complications in 7.8% (7/89), whereas mechanical complications were observed in 10.6% (5/47) of 47 catheters applied to internal jugular veins. There was no statistically significant difference between anatomic side and complication development.
The most important factor in CRBSI is skin flora and it is very important to provide skin antisepsis. Patients treated with chlorhexidine gluconate had lower rates of catheter colonization and CRBSI compared to patients treated with povidone iodine and alcohol. 26, 27 When chlorhexidine-alcohol and povidone iodine-alcohol were compared, CRBSI was lower in chlorhexidine-alcohol group 28 . In our study, 93.5% (145/155) used chlorhexidine and 6.5% (10/155) used povidone iodine for disinfection. No statistically significant difference was found between complication development and disinfection method. Our results differ from the literature in that the number of patients using povidone iodine is very low.
Catheter-related infections are the most important complications related to CVC and lead to increased mortality and morbidity, prolongation of hospital stay, and increased treatment costs. 29 In the United States (USA), the rate of CRBSI was reported as 1.8/1000 catheter days in pediatric intensive care units. According to the data of the General Directorate of Health Services of the Ministry of Health of Turkey, the rate of CRBSI was reported as 4.7/1000 catheter days in 2012. In the study conducted by Isgüder et al. 1 with 120 catheters in 2014, the rate of CRBSI was found to be 4.6/1000 catheter days. According to the results of our study, the rate of CRBSI is 4.8/1,000 catheter days and this result is similar to that given by our country, being higher than the USA. It was reported that CRBSI is associated with skin contamination in short-term catheter use (<10 days) while with colonization in long-term catheter use (>10 days). 30 Hand washing and site cleaning before the process, taking tight barrier precautions during the process is effective in reducing CRBSI. It has been reported that the use of "maximum sterile barrier precautions" consisting of a bone, mask, sterile gown, sterile gloves and large covers when placing a central venous catheter reduces the rate of CRBSI according to standard precautions (such as sterile gloves and small covers). 6, 7 In our unit, there are catheter insertion boxes containing bones, masks, sterile surgical sets, sterile gowns, perforated and non-perforated covers to be used as barrier precautions and these boxes are routinely used by practitioners during catheter insertion. All the processes included in the study were hand washed before the process and barrier precautions were used. We believe that implementing strict barrier precautions in pediatric intensive care is effective in reducing infection rates. 33 the rate of catheter thrombosis is 20%. In our study, thrombosis was detected in 3 patients and this rate was found low according to the literature. According to the literature, in some studies thrombosis is detected by routine ultrasound scans, and in some studies, thrombosis is detected after clinical signs. We think that asymptomatic thrombosis escapes detection because the thrombosis detected by Doppler ultrasound participates in the study after the clinical finding in our study, so our rate is lower than the literature.
In conclusion, CVC usage should be considered as necessary in the follow-up and treatment of critically ill patients but it may also cause an increase in mortality and morbidity due to complications. Hand hygiene before the procedure, application of barrier measures during the procedure and proper skin antisepsis, careful sterilization during catheter use, proper catheter care, maintenance of continuity in the training of intensive care workers and daily evaluation of catheter necessity are effective methods of reducing catheter related complications.
